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Introduction
Optical packet switched networks can scale to a large number of nodes using optical label swapping techniques [1, 2] . With optical label swapping the label and payload must be separated in the optical domain and the label erased and rewritten with the payload remaining in the optical domain. This allows for the required detection, erasure, and rewriting of the optical label without optical-electrical-optical (OEO) conversion of the payload. In the scheme used in our experiments, the label is 10 Gbps NRZ data located serially before the 40 Gbps RZ payload [3] .
When the label and payload are arranged serially, it is necessary to know the temporal location of the payload so that the label can be erased and rewritten in its original location without affecting the payload. This can be done using a payload envelope detection (PED) circuit [4] that identifies the payload location in time without processing the bits inside the payload. It is also necessary to convert optical labels to an electrical signal for label lookup and packet forwarding, which requires a photodetector and clock and data recovery.
In this paper, we report the first chip level integrated PED and optical label read circuit and measure its performance in an optical label swapping experiment. The device takes in optical packets consisting of 40 Gbps RZ payloads and 10 Gbps NRZ labels, and simultaneously outputs an electrical PED signal and detected electronic label as shown in Figure la . Label recovery is performed error free for input powers greater than 0 dBm, and the PED signal generated by the circuit has a rise and fall time of 3 ns with 150 ps RMS jitter. The 2. Device design and operation principle The optoelectronic device on InP consists of a traveling wave electroabsorption modulator (TWEAM) for the PED function followed by a semiconductor optical amplifier (SOA) for gain, and a photodetector for label reading, as shown in Figure lb . The material platform is a dual quantum well design, with shallow centered quantum wells and offset quantum wells. The TWEAM and photodetector use shallow quantum wells for higher frequency response.
The SOA uses offset quantum wells to achieve more gain. To increase performance of the TWEAM and photodetector, a thick layer of BCB dielectric was placed below the electrical waveguides. This allows for impedance matching of the electrical waveguide to the optical waveguide and results in higher frequency response. The TWEAM's optical waveguide is 400 um long, the SOA is 600 um long, and the photodetector is 150 um long.
A 40 GHz ring oscillator-based clock recovery circuit is constructed on the carrier, shown in Figure la . The 40GHz clock recovery consists of the TWEAM, a 40 GHz narrowband MMIC amplifier, a power divider for output coupling, and a Q filter [5] . The 40-GHz recovered packet clock output from the clock recovery circuit goes to a Schottky envelope detector to give an inverted envelope of the 40 Gb/sec payload, representing the temporal location of the payload. The details of the payload envelope detection operation are given in another paper [6] . This signal can be used to erase the label without affecting the payload.
On the InP chip, the output from TWEAM passes through to the SOA for amplification and then terminates onto a 10 Gbps photodetector on the same InP chip. The photodetector is connected to a transimpedance amplifier (TIA) on the carrier as shown in Figure la . The TIA converts current to voltage and is used to amplify the voltage swing of the detected optical label.
Label Read results
First, the label read function was tested. An oscilloscope trace of an input optical label is shown in Figure 2a , and a recovered RF label taken from the integrated photodetector is shown in Figure 2b . The BER curve for label reading directly from the photodetector (without TIA) is shown in Figure 2d . Four wavelengths between 1550 and 1560 nm were tested. The photodetector detects labels error free for optical input powers greater than 0 dBm into the integrated device. For these measurements, no bias was used on the TWEAM and no current was applied to the SOA. Bit error rate measurements (BERs) taken from the output of the TIA were poor because of the combination of the photodetector with the TIA. The TIA was found to be incompatible with the electronic label output of the photodetector. An oscilloscope trace of a recovered label from the TIA is shown in Figure 2c . In the future, another TIA compatible with the output of the device will be used. 
Payload Envelope Detection results
The optical signal transmitted to the device is shown in the upper part of Figure 3a . It consists of optical packets varying from 8-ns to 32-ns long. The lower waveform in Figure 3a is the corresponding PED electrical signal (inverted on the oscilloscope) from the circuit. The high part of the PED signal corresponds to the payload and the low part corresponds to the guard bands. Inspection shows that the PED signal duration is well matched to the payload duration. The 90/10 rise time of the PED signal was directly measured on the oscilloscope. The histogram mode of the oscilloscope was used to evaluate the RMS jitter of the PED signal. The rise time and RMS jitter of the PED signal are around 3ns and 150ps, respectively, for different average input power from 5dBm to 12dBm. 
Label swapping demonstration using PED signal
In order to demonstrate label swapping using the integrated circuit, the PED signal was recovered by the device, the original label erased, and a new label rewritten as shown in Figure la . An SOA was used to erase the old label by switching on and off the driving currents. The inverted PED signal from the Schottky envelope detector is sent to a limiting amplifier to achieve the correct voltage level and to invert the envelope. The limiting amp output signal drives the SOA on only for the duration of the payload. Using the proper optical delay, the payload in the optical signal is aligned so the label is erased. The new label was re-written with the original payload in the same temporal location as the original label. Note that both the erase SOA and the label rewrite modulator could be made on InP and integrated onto the same chip as the current device if an off chip fiber delay were incorporated.
In our experiments, we used 128 bit long (12.8 ns) 10 Gbps NRZ labels with 290 ns long 40 Gbps RZ payloads. An oscilloscope trace showing the input, PED electrical signal, erased label, and rewritten label with the original payload is shown in Figure 4a . Some spiking of the payload occurred, most likely due to the limited bandwidth of the SOA drive electronics. Error free label re-write was demonstrated for powers over -8 dBm. A BER curve of the label rewrite along with a back to back measurement is shown in Figure 4b . The power penalty for label re-write is less than 1-dB. This penalty is due to a small amount of the original label remaining after erasure. The label erase SOA and yielded a 15 dB extinction ratio. 
